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Vaccine 

Acute, infectious diarrhoea is a leading cause of disease and death in many areas of the world. In 
developing countries, the impact of diarrhoeal disease is staggering. For Asia, Africa and Latin 
5 America, it has been estimated that there are between 3-4 billion cases of diarrhoea each year and 
of those cases about 5-10 million result in death (Walsh, J.A. et al.: N. Engl. J. Med., 301:967-974 
(1979)). 

Rotaviruses have been recognised as one of the most important causes of severe diarrhoea in 
10 infants and young children (Estes, M.K. Rotaviruses and Their Replication in Fields Virology, Third 
Edition, edited by Fields et al.. Raven Publishers, Philadelphia. 1996). It is estimated that rotavirus 
disease is responsible for over one million deaths annually. Rotavirus-induced illness most 
commonly affects children between 6 and 24 months of age, and the peak prevalence of the 
disease generally occurs during the cooler months in temperate climates, and year-round in 
1 5 tropical areas. Rotaviruses are typically b-ansmitted firom person to person by the faecal-oral route 
with an incubation period of firom about 1 to about 3 days. Unlike infection in the 6-month to 24- 
month age group, neonates are generally asymptomatic or have only mild disease. In conti-ast to 
the severe disease normally encountered in young children, most adults are protected as a result 
of previous rotavirus infection so most adult infections are mild or asymptomatic (Offit P.A. et al. 
20 Comp. Ther.. 8(8):21-26, 1 982). 

Rotaviruses are generally spherical, and their name is derived from their distinctive outer and inner 
or double-shelled capsid sti-ucture. Typically, the double-shelled capsid sti-ucture of a rotavirus 
surrounds an inner protein shell or core that contains the genome. The genome of a rotavirus is 

25 composed of 1 1 segments of double-stiranded RNA which encode at least 1 1 distinct viral proteins. 
Two of these viral proteins designated as VP4 and VP7 are arranged on the exterior of the double- 
shelled capsid sti-ucture. The inner capsid of the rotavirus presents one protein, which is the 
rotavirus protein designated VP6. The relative importance of these three particular rotaviral 
proteins in eliciting the Immune response that follows rotavirus infection is not yet clear. 

30 Nevertheless, the VP6 protein detemiines the group and subgroup antigen, and VP4 and yP7 
proteins are the determinants of serotype specificity. 
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VP7 protein is a 38,000 MW glycoprotein (34.000 iVIW when non-glycosylated) which is the 
translatlonal product of genomic segment 7. 8 or 9, depending on the strain. This protein ( 
stimulates formation of the major neutralising antibody following rotavirus infection. VP4 protein is 
a non-glycosylated protein of approximately 88,000 MW which is the translatlonal product of 
genomic segment 4. This protein also stimulates neutralising antibody following rotavirus infection. 

Since VP4 and VP7 proteins are the viral proteins against which neutralising antibodies are 
directed, they are believed to be prime candidates for development of rotavirus vaccines, affording 
protection against rotavirus illness. 

Natural rotavirus infection during early childhood is known to elicit protective immunity. 

A live attenuated rotavirus vaccine is thus highly desirable. Preferably this should be an oral 

vaccine, as this is the natural route of infection of the virus. 

Eariy vaccine development for preventing rotavirus infections began in the 1970s after the 
discovery of the virus. Initially, attenuated strains from animals and humans were studied and had 
mixed or disappointing results. More recent efforts have focused on human-animal reassortants 
that have been more successful. 



A rotavirus sti-ain known as 89-12 has been described by Ward; see US Patent Number 5.474,773 
and Bernstein. D.L et al. Vaccine, 16 (4), 381-387, 1998. The 89-12 strain was isolated from a 
stool specimen collected fi-om a 14 month-old child with natural rotavirus illness in 1988. According 
to US Patent Number 5.474.773 the HRV 89-12 human rotavirus was then culture-adapted by 2 
passages in primary African Green Monkey Kidney (AGMK) cells and 4 passages in MA-1 04 cells 
as described by Ward in J. Clin. Microbiol.. 19. 748-753. 1984. It was then plaque purified 3 times 
in MA-1 04 cells (to passage 9) and grown after 2 additional passages in these cells. One 
additional passage was made (passage 12) for deposition with the ATCC under the accession 
number ATCC VR 2272. The deposited sti-ain is known as 89-1 2C2. 
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The 1 998 paper in Vaccine by Bernstein et al is referred to below as the Vaccine (1 998) paper. 
The paper describes the safety and immunogenlcity of an orally administered live human rotavirus 
vaccine candidate. This vaccine was obtained from strain 89-12, attenuated by passaging without 
plaque purification 26 times in primary AGMK cells and then another 7 times in an established 
AGMK cell line (33 passages in total). 
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Hereinafter the aforesaid material which has been serially passaged 26 times will be referred to 
P26 and the material which has been serially passaged 33 times will be referred to as P33. In 
general, rotavirus derived by passaging 89-12 n times will be referred to as Pn. 

In the examples which follow the P33 material was passaged a further 5 times on Vero cells. This 
is referred to as P38. 

The P26 and P33 isolates described in the Vaccine (1998) paper were not deposited in a culture 
15 collection, nor were they analysed to establish their genetic characterisation. 

It has now been found that the P26 population described in the literature comprises a mixture of 
variants. This has been established by genetic characterisation as described hereinbelow (see 
examples). P26 is therefore not a reliably consistent population for further passages, in particular 
for the production of vaccine lots. Similariy, P33 comprises a mixture of variants and is not reliably 
consistent for the production of vaccine lots. 

It has been found that the P26 material is a mixture of at least three VP4 gene variants. P33 and 
P38 are similariy a mixture of two variants. These variants appear to be antigenically different In 
temis of neutralising epitopes, to the 89-12C2 strain deposited at the ATCC when evaluating the 
neutralizing antibody titers of sera from infants vaccinated with P33 against these variants This is 
illusti-ated In Figure 3. 

Furthemiore it has been found that when the P33 material is administered to infants, two identi'fied 
vanants are replicated and excreted. Of 100 vaccinated infants, only 2 showed signs of gastro- 
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enteritis due to rotavirus infection, while 20% of a placebo group were infected. These findings 
suggest that the identified variants are associated with protection from rotavirus disease. 
The present invention provides a method of separating rotavirus variants and an improved live 
attenuated rotavirus vaccine derived from a cloned (homogeneous) human rotavirus strain. 

Accordingly, according to a first aspect the present invention provides an attenuated rotavirus 
population (isolate), characterised in tiiat it comprises a single variant or substantially a single 
variant said variant defined by tiie nucleotide sequence encoding at least one of tiie major viral 
proteins designated as VP4 and VP7. 




Preferably the rotavirus population according to the invention is a cloned variant 

By a population comprising a single variant or substantially a single variant is meant a rotavirus 
population which does not contain more than 1 0%. and preferably less than 5% and most 
preferably less tfian 1 % of a different variant or variants. Virus populations can be purified to 
homogeneity or substantial homogeneity by passaging on suitable cell types or by performing a 
series of one or more cloning steps. 

The advantage of the invention is that a population comprising a single variant is more suitable for 
20 the formulation of a consistent vaccine lot Particular variants defined by nucleotide sequences 
encoding the major viral protein may also be associated with enhanced efficacy in the prevention of 
rotavirus infection. 



In one preferred aspect the single or substantially single variant in the rotavirus population of the 
invention is a variant in which the VP4 gene comprises a nucleotide sequence comprising at least 
one of the following: an adenine base (A) at position 788. an adenine base (A) at position 802 and 
a thymine base (T) at position 501 firom the start codon. 



In a further aspect the single or substantially single variant in the population of the invention ii 
variant in which the VP7 gene comprises a nucleotide sequence comprising at least one of the 
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following: a thymine (T) at position 605, an adenine (A) at position 897, or a guanine (G) at position 
897 from the start codon. Preferably at position 897 there is an adenine (A). 

In a preferred aspect the single variant in the population according to the invention has an adenine 
(A) at positions 788 and 802 and a thymine (T) at position 501 from the start codon in the VP4 
gene sequence. 



In another preferred aspect the single variant in the population according to the invention has a 
thymine (T) at position 605 and an adenine/guanine (A/G) at position 897 from the start codon in 
1 0 the VP7 sequence. Most preferably in the VP7 sequence there is an adenine (A) at position 897. 

In a particularly preferred aspect the single variant in the population according to the invention has 
an adenine (A) at positions 788 and 802 and a thymine [T) at position 501 from tiie start codon in 
the VP4 gene sequence, and a thymine (T) at position 605 and an adenine/guanine (A/G) at 
1 5 position 897 from the start codon in the VP7 sequence. Most preferably in the VP7 sequence there 
is an adenine (A) at position 897. 

In another aspect the single variant comprises a nucleotide sequence encoding a VP4 protein 
wherein the nucleotide sequence is as shown in Figure 1, and/or a nucleotide sequence encoding 
20 a VP7 protein wherein the nucleotide sequence is as shown in Figure 2. 

The present invention also provides a method of producing a rotavirus population comprising a 
substantially single variant the method comprising: 

passaging a rotavirus preparation on a suitable cell type; 
25 optionally selecting homogeneous culture using the steps of either: 

a) limit dilution; or 

b) individual plaque isolation; and 

checking for the presence of a substantially single variant by carrying out a sequence 
determination of an appropriate region of the VP4 and/or VP7 gene sequence. 

30 
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The sequence determination may suitably be carried out by a quantitative or semi-quanti-tative 
hybridisation technique such as slot blot hybridisation or plaque hybridisation. 

Preferably the selected variant is a variant which is replicated and excreted when the starting 
5 rotavirus preparation is administered to a human subject in particular a child. 

The resulting cloned virus population resulting from the method according to the invention may be 
amplified by further passaging on a suitable cell line. 



Suitable cell types for passaging the rotavirus pppylati^on in the above.method include African 
green monkey kidney (AGMK) cells, which may be established cell lines or primary AGMK cells. 
Suitable AGMK cell lines include for example Vero (ATCC CCL-81), DBS-FRhL-2 (ATCC CL-160) 
BSC-1 (ECACC 8501 1422) and CV-1 (ATCC CCL-70). Also suitable are MA-104 (rhesus monkey) 
and MRC-5 (human - ATCC CCL-1 71) cell lines. Vero cells are particularly preferred for 
15 amplification purposes. Passaging on Vero cells gives a high virus yield. 

Techniques for checking whether there is a single variant In a virus population resulting from the 
method, and for detemilning the nature of that single variant involve standard sequencing or 
hybridisation procedures known in the art and are described hereinbelow. 



In a preferred aspect the method of the invention is carried out using an appropriate rotavirus 
particulariy rotavirus having the characteristics of the 89-12 sfrain or of a passaged derivative 
thereof. 

25 A particularly preferred single variant population is P43. which was obtained from P33 (an isolated 
human rotavirus passages 33 times in culture on appropriate cell types) by a series of end dilution 
cloning steps followed by passaging the cloned material on Vero cells for amplification. 



30 



A P43 population was deposited at the European Collection of Animal Cell Cultures (ECACC). 
Vaccine Research and Production Laboratory. Public Health Laboratory Service. Cenfre for Applied 
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Microbiology and Research, Porton Down, Salisbury, Wiltshire, SP4 OJG, United Kingdom on 13 
August 1 999 under the deposition number 99081 301 , under the terms of the Budapest Treaty. 

Although this indicated public availability is the simplest method of obtaining the human rotavirus 
5 P43, it is not altogether impossible or improbable that similar and functionally substantially identical 
rotaviruses might be produced by these or other methods in view of the teachings of this invention. 
Such functionally substantially identical rotaviruses are considered to be biologically equivalent to 
the human rotavirus P43 of this invention and therefore are within the general scope of the present 
invention. It will therefore be understood that the invention encompasses rotavirus populations 
1 0 having the characteristics of the P43 variant as described herein. 



It will also be understood that the invention encompasses materials derived firom the deposited P43 
ECACC 99081 301 by subjecting it to further processing such as by propagating it by further 
passaging, cloning, or other procedures using the live virus or by modifying P43 in any way 
1 5 including by genetic engineering techniques or reassortant techniques. Such steps and techniques 
are well known In the art 



Materials derived from the deposited P43 which are covered by the invention include protein and 
genetic material. Of particular interest are reassortant rotaviruses which comprise at least one 

20 antigen or at least one segment of P43, for example reassortants which comprise a virulent strain 
of rotavirus in which one or part of one of the 1 1 genome segments has been replaced by the 
genome segment or part thereof of P43. Specifically, a rotavirus reassortant in which the segment 
or partial segment coding for NSP4 is a P43 segment or partial segment, may have useful 
properties. Reassortant rotaviruses and techniques for preparing them are well known (Foster, R. 

25 H. and Wagstaff. A. J. Tefavalent Rotavirus Vaccine, a review. ADIS drug evaluation, BioDrugs, 
Gev, 9 (2). 155-178. 1998). 

Materials of particular interest are progeny of P43 and immunologically active derivatives of P43. 
Immunologically active derivatives means materials obtained from or witii the P43 virus, particulariy 
30 antigens of the virus, which are capable of eliciting an immune response when injected into a host 
animal. 
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In adapting the rotavirus to an appropriate cell line, for example Vero cells, it may be necessary to 
treat the virus so as to get rid of any potential contaminant such as any adventitious agents that 
may be present and which would otherwise cause contamination. In the case of ether-sensitive 
5 adventitious viruses, this may be done by ether ti-eatinent as described hereinbelow. The present 
invention also relates to inclusion of such ether ti-eabnent as an optional step in the overall 
procedure for obtaining an attenuated live rotavirus or vaccine formulated tiierewitfi. 

Also within the scope of the invention are admixtures of P43 with other rotavirus variants, for 
0_._ example other cloned variants. or with other- viruses in particular-other attenuated viruses.- Such - - 
mixtures are useful in the vaccines of the invention which are described hereinbelow. 

The present invention also provides a live attenuated rotavirus vaccine which comprises a 
substantially single variant population admixed with a suitable adjuvant or a pharmaceutical carrier. 

Suitable pharmaceutical carriers for use in the vaccine according to the invention include those 
known in the art as being suitable for oral administi-ation. especially to infants. Such carriers 
include and are not limited to carbohydrates, polyalcohols, amino acids, aluminium hydroxide, 
magnesium hydroxide, hydroxyapatite. talc, titanium oxide, iron hydroxide, magnesium stearate, 
carboxymetiiyicellulose. hydroxypropylmethylcellulose, microcrystalline cellulose, gelatin, vegetal 
peptone, xanthane, caraghenane. arable gum, B-cyclodextiin. 

The invention also provides a process for preparing a rotavirus vaccine, for example by freeze 
drying the virus in the presence of suitable stabilisers or admixing the virus according to the 
invention witii a suitable adjuvant or pharmaceutical cam'er. 

It may also be advantageous to formulate the virus of the invention in lipid-based vehicles such as 
virosomes or liposomes, in oil in water emulsions or witti carrier particles. Altematively or in 
addition immunostimulants such as those known in the art for oral vaccines may be included in the 
formulation. Such immunostimulants include bacterial toxins, particulariy cholera toxin (CT) in the 
fomi of the holotoxin (entire molecule) or the B chain only (CTB) and the heat labile enterotoxin of 
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E. CO// (LT). Mutated LTs (mLTs) which are less likely to convert to their active form than the native 
LT are described in WO 96/06627, WO 93/13202 and US 5,182,109. 

Further immunostimulants which may advantageously be included are saponin derivatives such as 
5 QS21 and monophosphoryl lipid A, in particular 3-de-O-acylated monophosphoryl lipid A (3D-MPL). 
Purified saponins as oral adjuvants are described in WO 98/56415. Saponins and 
monophosphoryl lipid A may be employed separately or in combination (e.g. WO 94/00153) and 
may be formulated in adjuvant systems together with other agents. 3D-MPL is a well-known 
adjuvant manufactured by Ribi Immunochem, Montana and its manufacture is described in GB 
10 2122204. 



A general discussion of vehicles and adjuvants for oral immunisation can be found in Vaccine 
Design, The Subunit and Adjuvant Approach, edited by Powell and Newman, Plenum Press, New 
YotK 1995. 

15 

The invention also provides a method for vaccinating human subjects, especially infants, by 
administering to a subject in need thereof an effective amount of a vaccine composition according 
to the invention. Preferably the live attenuated vaccine is administered by oral administi-ation. 

20 In a prefen-ed aspect the vaccine composition of the invention is formulated with an antacid to 
minimise inactivation of the vaccine by acid in the stomach. Suitable antacid components include 
inorganic antacids for example aluminium hydroxide AI(0H)3 and magnesium hydroxide Mg(0H)2. 
Commercially available antacids which are suitable for use in the invention include Mylanta (ti-ade 
marie) which contains aluminium hydroxide and magnesium hydroxide. These are insoluble in 

25 water and are given in suspension. 

Aluminium hydroxide is a particulariy preferred component of a vaccine composition according to 
the invention as it can provide not only an antacid effect but also an adjuvantation effect 

30 Also suitable for use as antacids in the vaccine of the invention are organic antacids such as 
organic acid carboxylate salts. A preferred antacid in the vaccine composition of the invention 
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contains an organic acid carboxylate salt, preferably a salt of citric acid such as sodium citrate 
potassium citrate. 

Other components of an antacid composition used in the invention suitably include sugars for 
5 example sucrose and/or lactose. 



The vaccine composition according to the invention may contain additional components including 
for example flavourings (particularly for an oral vaccine) and bacteriostatic agents. 

10 Different presentations of tfie vaccine composition according to tiie invention are envisaged. 

In one preferred embodiment the vaccine is administered as a liquid formulation. Preferably the 
liquid formulation is reconstituted prior to adminisfration from at least the following two components: 
i) virus component 
15 ii) liquid component 

In this embodiment the virus component and the liquid component are normally present Is 
separate containers, which may.convenienfly be separate compartments of a single vessel, or 
separate vessels which can be connected in such a way that the final vaccine composition is 
reconstituted without exposing it to the air. 

Prior to reconstitution, the virus may be in a dry form or a liquid form. Preferably the virus 
component is lyophilised. Lyophilised virus is more stable tfian virus In an aqueous solution. The 
lyophilised virus may be suitably reconstituted using a liquid antacid composition to produce a 
liquid vaccine formulation. Alternatively the lyophilised virus may be reconstituted with water or 
aqueous solution, in which case the lyophilised virus composition preferably contains an antacid 
component 

In anottjer preferred embodiment the vaccine composition is a solid formulation, preferably a 
lyophilised cake which is suitable for immediate dissolution when placed in the mouth. Lyophilised 
formulations may convenienfly be provided in the form of tablets in a pharmaceutical blister pack. 
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•Vaccines of the invention may be formulated and administered by known techniques, using a 
suitable amount of live virus to provide effective protection against rotavirus infection without 
significant adverse side effects In typical vacclnees. A suitable amount of live virus will normally be 
5 between 1 0-* and 1 0' ffu per dose. A typical dose of vaccine may comprise 1 QS - 1 0^ ffu per dose 
and may be given in several doses over a period of time, for example in two doses given with a 
two-month Interval. Benefits may however be obtained by having more than 2 doses, for example 
a 3 or 4 dose regimen, particularly In developing countries. The interval between doses may be 
more or less than two months long. An optimal amount of live virus for a single dose or for a 
1 0 multiple dose regimen, and optimal timing for the doses, can be ascertained by standard studies 
Involving observation of antibody tifres and other responses in subjects. 

The vaccine of the invention may also comprise other suitable live viruses for protection against 
other diseases, for example poliovirus. Alternatively other suitable live virus vaccines for oral 
1 5 adminlsft-ation may be given in a separate dose but on the same occasion as the rotavirus vaccine 
composition according to the invention. 

Figure Legend for Figure 3 

20 

Sera from twelve 4 to 6 month old Infants vaccinated with the P33 material as described in the 
Vaccine (1998) paper were tested for neuti-alization of P33, P38, P43 and 89-1 2C2. 

The range of neuti-alization titers of all the tested sera is similar for P33, P38 and P43. The 
25 statistical analysis shows no significant difference in the overall neuti-alization titers against all three 
viruses. This suggests that the conformational and non-conformational neufa-alization epitopes of 
P33, P38 and P43 are equally well recognized by the anti-P33 sera of P33 vaccinated infants. This 
observation indirectiy suggests tiiat the neuti-alization epitopes revealed in this in viti-o assay were 
not altered between P33, P38 and P43. 

30 

The range of neuti-alization titers of P89-12C2 however significantiy differs from P33, P38 and P43. 
This observation suggests that the conformational and non-confonnational neuti-alization epitopes 
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of P33, P38 and P43 are not equally well recognized by the anti-P33 sera of P33 vaccinated 
infants. This observation indirectly suggests that the neutralization epitopes revealed in this in vitro 
assay were altered between 89-12 C2 and P33. P38 and P43. 

5 The following examples illusti-ate the invention. 
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EXAMPLES 

10 Example 1 

Demonstration that strain 89-12 at passage 26 IP26) is a mixture of variants 

Sequencing of VP4 and VP7 genes from different passage lots 
15 Sequencing of VP4 and VP7 genes from passage P26 (primary AGMK cells), passage P33 
(established (as opposed to primary) AGMK cell line), passage P41 and passage P43 was 
perfonned. Total RNA extraction was reverse franscribed and amplified through PGR In one 
tube/one step. 

20 Primers Rota 5bls and Rota 29bis amplified the entire VP4 gene and primers Rota 1 and Rota 2bis 
amplified the entire VP7 gene. The PGR material has been sequenced using different primers (see 
Table 1). 



The passage P26 sequence differed from the passage P33 sequence by 3 bases (at positions 501. 
788 and 802 bp from the start codon) in VP4 and by three bases in VP7 (108. 605 and 897 bp from 
the start codon). 



The passage P26 sequence scans of VP4 and VP7 show at mutated positions the presence of the 
passage P33 sequence as a background. Thus it can be seen that passage P26 is a mixture of at 
30 least 2 variants. 
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The passage P33 sequence scans seem homogenous in VP4 and heterogeneous for VP7 (see 
Table 2). 



Passage P38 (derived from passage 33) was passaged 5 times on Vero cells and displayed the 
5 same set of VP4 and VP7 sequences as passage P33 (AGMK cell line). Thus there was no major 
change in populations between P33 and P38. 



TABLE 1: Oligonucleotides used for RT-PCR and sequencing 



name 



sequence 



position 



VP7 



Rota1 
Rota Ibis 
Rota 2bis 
Rota 7 
Rota 12 
Rota 46 

Rota 18 



GGC TTT AAA AGA GAG AAT TTC CGT CTG G 

GGT TAG CTC CTT TTA ATG TAT GGT A 

GGT CAC ATC GAA CAA TTC TAA TCT AAG 

CAA GTA CTC AAA TCA ATG ATG G 

TGT TGA TTT nC TGT CGA TCC AC 

GGT TGC TGA GAA TGA GAA ATT AGC TAT 

AGTGG 

CCA CTA TAG CTA ATT TCT CAT TCT CAG 
CAACC 



-49 to -22 

-16 to 10 

1014-988 

266-287 

372-394 

651-682 

682-651 



VP4 



Rota 5 
Rota 6 
Rota 5bis 
Rota 6bis 
Rota 25 

Rota 26 
Rota 
27bis 
Rota 28 
Rota 31 
Rota 32 
Rota 45 
Rota 53 
Rota 54 
Rota 55 
Rota 40 
Rota 39 
Rota 33 
Rota 34 
Rota 
29bis 



TGG CTT CGC CAT TTT ATA GAC A 
ATT TCG GAC CAT TTA TAA CC 
TGG CTT CAC TCA TTT ATA GAC A 
ATT TCA GAC CAT TTA TAA CCT AG 
GGA GTA GTA TAT GAA AGT ACA AAT AAT 
AG 

CTA TTA TTT GTA CU TCA TAT ACT ACT CC 
TCG ATA CAG TAT AAG AGA GCA CAA G 

TTC ATT AAC TTG TGC TCT CTT ATA CTG 
GTA TAT GTA GAC TAT TGG GAT G 
CAT CCC AAT AGT CTA CAT ATA C 
TGT AAC TCC GGC AAA ATG CAA CG 
CGT TGC ATT TTG CCG GAG TTA CA 
GTA AGA CAA GAT TTA GAG CGC CA 
TGG CGC TCT AAA TCT TGT CTT AC 
CTT GAT GCT GAT GAA GCA GCA TCT G 
CAG ATG CTG CTT CAT CAG CAT CAA G 
CGA TCA TAT CGA ATA TTA AAG GAT G 
CAT CCT TTA ATA TTC GAT ATG ATC G 
AGC GTT CAC ACA ATT TAC ATT GTA G 



2-23 

878-859 

2-23 

878-856 

268-296 

296-268 
721-745 

753-727 

1048-1070 

1070-1048 

1205-1227 

1227-1205 

1465-1487 

1487-1465 

1703-1727 

1727-1703 

2008-2032 

2032-2008 

2335-2311 
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TABLE 2: oligonucleotides used in hybridization 



VP7 


name 
Rota 41 

Rota 42 


sequence 

AGT ATT TTA TAG TAT AGT AGA TTA TAT TAA 
TC 

AGT ATT TTA TAG TAT GGT AGA TTA TAT TAA 
TC 


position 
882-913 

882-913 


VP4 


Rota 15 
Rota 16 
Rota 35 
Rota 36 


ATG GGC ATT ATA GTG CAT TOG TTT C 
ATC CGT ATT ATA GTG CAT TTG TTT C 
ATC CCC ATT ATA GTG CAT TTG TTT C 
ATC CGT ATT ATA GTG CAT TCC TTT C 


807-783 
807-783 
807-783 
807-783 




The bases shown in bold type in Table 2 are the'sites of specific sequence variation in VP4 



and 



1 0 TABLE 3: sequence variation of VP4 and VP7 genes 
3.1 





V 

501 bp 
167 aa 


P4 . 
788 bp 
263 aa 


802 bp 
268 aa 


1 

108 bp 
36 aa 


VP7 
605 bp 
202 aa 


897 bp 
299 aa 


P26 
(AGMK) 


A 


G/A 


G/A 


A 


C/T 


A 


P33 
(AGMK) 


T 


A 


A 


G /A 


T/C 


A/G 


P38 
(VERO) 


T 


A 


A 


A/G 


T 


G/A 


P43 
(VERO) 


T 


A 


A 


A 


T 


A 



15 



20 



N.B. In a second clone firom the 3 clones which were developed to the level of production lot, the 
VP7 897 bp position nucleotide is G. rather than A as In the P43 selected clone. This results in a 
methionine in place of an isoleucine in the amino acid sequence. Variants corresponding to both 
the selected P43 clone and tiie clone in which there is a G in VP7 at 897 bp from the start codon. 
were excreted in the stools of infants who had been vaccinated with the P33 material. 

In Table 3.1 , where there are two alternative bases at a particular position, the first of the two 
represents the base which appears in a major population and the second is the base which 
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appears in a minor population. Major and minor variant populations are judged by the strength of 
the signal in sequencing. 



3.2 



VP4 


VP7 




501 bp 
167 aa 


788 bp 
263 aa 


802 bp 
268 aa 


108 bp 
36 aa 


605 bp 
202 aa 


897 bp 
299 aa 


P26 
(AGMK) 


Leu 


Gly/Glu 


Gly/Arg 


Arg 


Thr/Met 


lie 


P33 

(AGMK) 


Phe 


Glu 


Arg 


Arg/Arg 


Metn"hr 


lie/Met 


P38 
(VERO) 


Phe 


Glu 


Arg 


Arg/Arg 


Met 


Met/lie 


P43 
(VERO) 


Phe 


Glu 


Arg 


Arg 


Met 


He 



Table 3.2 shows the amino acid changes resulting from the nucleotide differences between the 
variants. 



TABLE 4 





VP4( 788 -802 positions) 


VP7 ( 897 position ) 




G-G 


A-A 


A-G 


G-A 


A 


G 


Probes 


Rota 15 


Rota 16 


Rota 35 


Rota 36 


Rota 41 


Rota 42 


Passages 














P26 






+ 


+ 


nd 


nd 


P33 












+ 


P38 




+ 






+ 


++ 


P43 










+ 





Slot blot hybridization 

The change in populations between passages P26 to P33 on AGMK cells has been further 
confirmed by slot blot hybridization. The VP4 and the VP7 gene fragments generated by RT/PCR 
were hybridized with oligonucleotide probes specific for each variant (see Table 3.1 and 3.2). In 
contrast to P26 which hybridized with Rota 16, Rota 35 and Rota 36 and not with Rota 15, the VP4 
PGR fragment of the P33 material, at positions 788 and 802 hybridized only with Rota 1 6 and not 
with either Rota 1 5 or Rota 35 or Rota 36. These results established the presence of at least 3 
variants in P26 (see Table 4). 
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10 



20 



25 



For the VP7 PGR fragment of the P33 material, position 897 hybridized with Rota 41 and Rota 42. 
These results established the presence of at least two variants in the P33 material. 



Example 2: 

Isolation an d characterization of the PA3 clnno 

To isolate P33 components as a homogeneous virus population, three^end-point.dilutions.of- 
P33/AGMK on Vero cells were performed and the resulting virus was used to infect Vero cells. 



Positive wells were selected using two criteria: growth demonstrated by the largest number of foci 
detected in the wells and the most isolated positive wells on the plates, as is done classically. ' After 
15 3 end dilution passages in 96 well microtiter plates. 10 positive wells were amplified successively 
on Vero cells and evaluated for their yield. 

Based on yield, three clones were developed to passage level of production lot 
Immunorecognition by polyclonal antibodies was shown to be similar both between the three 
clones and between the clones and P33. Homogeneity of the clones was assessed by slot blot 
hybridization. The final selection of a single clone was based on yield and sequence. 

The selected clone was amplified by successive passages on Vero cells to generate a Master 
seed, a Working seed and finally production lots. 

The selected clone was genetically characterized at different passage levels by sequencing of VP4 
and VP7 (identity) and by specific slot blot hybridization of the VP4 and VP7 (homogeneity) of the 
PGR amplified materials. The sequence of the VP4 and VP7 genes of the P43 material are given 
in Figures 1 and 2 respectively and are identical to P41 . 



30 
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Homogeneity of the selected clone was assessed by a selective hybridization using oligonucleotide 
probes discriminating nucleotide changes in VP4 and/or VP7 regions for each variant identified 
during sequencing of P26/primary AGMK (see Table 4). 

5 The VP4 fi-agment hybridized with Rota 1 6 and not with Rota 1 5, Rota 35 or Rota 36. 

The VP7 fragment hybridized with Rota 41 and not with Rota 42. 

These results confirmed that P43 is a homogeneous population. 



10 



15 



Example 3: 

Removal of potential adventitious vims 

Ether was added to P33 (AGMK grown) to a final concentration of 20% for 1 hr. Ether was then 
bubbled out with N2 for 35 min. No impact on the titre of P33 seed was observed. 



20 Example 4: 

Formulation of a live attenuated vaccine 

The production lots described above are formulated for oral adminsti-ation to infants by the 
25 following method. 

1. LvoDhilised vims 



30 



Standard techniques are used for preparing virus doses. Frozen purified viral bulk is thawed and 
diluted with appropriate medium composition, in this case Dulbecco's modified eagle Medium, up to 
a desired standard viral concentration, in this case 10" ffu/ml. The diluted virus is then further 
diluted with lyophilisation stabiliser (sucrose 4%, dextran 8%. sorbitol 6%, amino-acid 4%) up to the 
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10 



target viral litre, in this case 10^ 6 ffu/dose. 0.5 ml aliquots of stabilised virus composition are 
aseptically transferred to 3 ml vials. Each vial is then partially closed witt, a rubber stopper, the 
sample is freeze dried under a vacuum, the vial is then fully closed and an aluminium cap is 
crimped in place around the vial to keep the stopper In place. 

For use. tiie virus is reconstituted using one of the following antacid reconstituents: 
(a) Citrate rennngtihiont 

Sodium citrate is dissolved in water, sterilized by filtration and aseptically transferred into 
reconstituentco_ntainej-s in 1.5 ml amounts at a concentration of 544-mg Na3Gitrater2H20 per ISml 
dose. The reconstituent containers may be for example 3 ml vials, or 4 ml vials, or 2 ml syringes 
or soft plastic squeezable capsules for oral administration. As an alternative to maintaining sterile 
components under sterile conditions, the final container can be autoclaved. 

15 (b) MOHh re constifijent 

An aseptic aluminium hydroxide suspension {Mylanta - trademaric) is aseptically diluted in sterile 
water, aseptically fransfenred to reconstituent containers (for example 2 ml syringes, or soft plastic 
squeezable capsules) in 2 ml amounts each containing 48 mg AI(0H)3. An alternative to using 
sterile components under sterile conditions is to y irradiate the aluminium hydroxide suspension 

20 (preferably at a diluted stage). 
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Standard ingredients are included to prevent the suspension from settling. Such standard 
ingredients include for example magnesium stearate. carboxymethylcellulose. 
hydroxypropylmethylcellulose. microcrystalline cellulose, and silicone polymers. Bacteriostatic 
agents for example butylparaben. propylparaben or other standard bacteriostatic agents used in 
food, and flavourings, may also be included. 

2. Lyophilised virus with A[fnH) 3in liouid formnbtinn 

Standard techniques are used for preparing virus doses. Frozen purified viral bulk is thawed and 
driuted wrth appropriate medium composition, in this case Dulbecco's modified eagle Medium, up to 
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a desired standard viral concentration, in this case 10^ 2 ffu/ml. Aluminium hydroxide suspension is 
added to reach a final quantity of 48 mg/dose and the virus composition is diluted with lyophilisation 
stabiliser (sucrose 4%, dextran 8%, sorbitol 6%, amino-acid 4%) up to the target viral titre, in this 
case 1056 ffu/dose. 0.5 ml aliquots of stabilised virus composition are aseptically transferred to 3 
ml vials. Lyophilisation and closing of the vials is then carried out as described in part 1 . 

3. LvoDhilised virus with AKOHb for blister presentation 

Standard techniques are used for preparing virus doses. Frozen purified viral bulk is thawed and 
diluted with appropriate medium composition, in this case Dulbecco's modified eagle Medium, up to 
a desired standard viral concenti-ation, in this case 10^2 ffu/ml. Aluminium hydroxide suspension is 
added to reach a final quantity of 48 mg/dose and the virus composition is diluted with lyophilisation 
stabiliser which may be sucrose, dextran or amino-acid 4%, or gelatin, or vegetal peptone, or 
xanthane up to the target viral titi-e of IQse ffu/dose. An aseptic filling operation is employed to 
ti-ansfer doses of 0.5 ml or preferably less to blister cavities. The composition is lyophilised, and 
the blister cavities are sealed by thermic sealing. 

Optionally standard ingredients are included to prevent the aluminium hydroxide suspension fi-om 
settiing. Such standard ingredients include for example magnesium stearate, 
carboxymethylcellulose, hydroxypropyimethylcellulose, microcrystalline cellulose, and silicone 
polymers. Flavourings may also be included. 
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CUIMS 

1 . An attenuated rotavirus population, characterised in that it comprises a single variant or 
substantially a single variant, said variant defined by a nucleotide sequence encoding at least one 

5 of the major viral proteins designated as VP4 and VP7. 

2. A rotavirus population according to claim 1 which is a cloned strain. 

3. A rotavirus population according to claim 1 or claim 2 which is derived from a human 
"•O- .rptayirus infection. _ . .. . 

4. A rotavirus population according to any one of claims 1 to 3 which replicates in and is 
excreted by humans. 

5. A rotavirus population according to any one of claims 1 to 4 in which the substantially 
single variant is a variant in which the VP4 gene comprises a nucleotide sequence comprising at 
least one of the following: an adenine base (A) at position 788, an adenine base (A) at position 802 
and a thymine base (T) at position 501 firom the start codon, 

6. A rotavirus population according to claim 5 in which the VP4 gene comprises a nucleotide 
sequence comprising an adenine base (A) at positions 788 and 802 and a thymine base (T) at 
position 501 from the start codon. 

7. A rotavirus population according to any one of claims 1 to 6 in which the substantially 
single variant is a variant in which the VP7 gene comprises a nucleotide sequence comprising at 
least one of the following: a thymine (T) at position 605. an adenine (A) at position 897 and a 
guanine (G) at position 897 from the start codon. 

8. A rotavirus population according to claim 7 in which the VP7 gene comprises a nucleotide 
sequence comprising a thymine (T) at position 605 and an adenine (A) or a guanine (G) at position 
897 from the start codon. 
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9. A rotavirus population according to claims 5 to 8, in which the VP4 gene comprises a 
nucleotide sequence comprising an adenine (A) at positions 788 and 802 and a thymine (T) at 
position 501 from the start codon; and the VP7 gene comprises a nucleotide sequence comprising 
a thymine (T) at position 605 and an adenine (A) at position 8.97 from the start codon. 

1 0. A rotavirus which comprises a nucleotide sequence encoding a VP4 protein wherein the 
nucleotide sequence is as shown in Figure 1, and/or a nucleotide sequence encoding a VP7 
protein wherein the nucleotide sequence is as shown in Figure 2. 

11. A rotavirus population according to any one of claims 1 to 10, designated as P43 and 
deposited under accession number ECACC 99081 301 . 

1 2. A rotavirus variant designated P43 and deposited with the ECACC under accession 
number 99081301, rotavirus progeny and immunologically active derivatives thereof and materials 
obtained therefrom. 

1 3. A rotavirus reassortant comprising at least one antigen or at least one segment of the 
rotavirus variant P43 according to claim 1 1 or claim 12. 

14. A method of producing a purified rotavirus population comprising a substantially single 
variant, the method comprising: 

passaging a rotavirus preparation on a suitable cell line; 
optionally selecting homogeneous culture using the steps of either 
limit dilution; or 

individual plaque isolation; and 

checking for the presence of a substantially single variant by sequencing an appropriate 
region of the VP4 and/or VP7 gene sequence. 

1 5. A method according to claim 14 in which the rotavirus preparation is passaged on AGMK 
cells. 
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1 6. A method according to claim 1 4 or claim 1 5 in which the rotavirus preparation has the 
characteristics of an 89-1 2 strain or derivative thereof. 

1 7. A method according to any one pf claims 1 4 to 1 6, which comprises the additional step of 
ether treatment to remove adventitious ether-sensitive contaminating agents. 

1 8. A vaccine composition comprising a live attenuated virus according to any one of claims 1 
to 13 admixed with a suitable pharmaceutical camer or adjuvant 

1 9. A vaccine composition according to claim 1 8 adapted for oral administi-ation. 

20. A vaccine composition according to claim 1 9 in which the live attenuated virus is 
fomiulated with an antacid composition. 

21 . A vaccine composition according to claim 20, wherein the antacid composition comprises 
an inorganic antacid. 

22. A vaccine composition according to claim 21. wherein the antacid is aluminium hydroxide. 

23. A vaccine composition according to claim any one of claim 20 to 22, wherein the live 
attenuated virus is fonmulated with the antacid composition and lyophilised in a blister. 

24. A vaccine composition according to claim 20. wherein the antacid composition comprises 
an organic antacid. 

25. A vaccine composition according to claim 24. wherein ttie antacid is sodium citrate. 

26. A vaccine composition according to any one of claims 1 8 to 22 or 24 to 25, wherein the 
virus is in lyophilised form. 
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27. A vaccine composition according to claim 26, wherein the attenuated virus and the antacid 
composition are present in separate containers for formulation as a liquid vaccine composition prior 
to administration. 

28. A method of preventing rotavirus infection in humans by administering to a human subject 
In need thereof an effective amount of a vaccine according to any one of claims 1 8 to 27. 
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FIG 1 VP4 sequence of P43 

ATGGCTTCAC TCATTTATAG ACAACTTCTC ACTAATTCAT ATTCAGTAGA 5 0 
TTTACATGAT GAAATAGAGC AAATTGGATC AGAAAAAACT CAGAATGTAA 100 
CTATAAATCC GGGTCCATTT GCACAGACTA GATATGCTCC AGTCAATTGG 150 
GATCATGGAG AGATAAATGA TTCGACTACA GTAGAACCAA TTTTAGATGG 200 
TCCTTATCAG CCAACTACAT TTACTCCACC TAATGATTAT TGGATACTTA 250 
TTAATTCAAA TACAAATGGA GTAGTATATG AAAGTACAAA TAATAGTGAC 300 
TTTTGGACTG CAGTCGTTGC TATTGAACCG CACGTCAACC CAGTAGATAG 350 
ACAATATATG ATATTTGGTG AAAGCAAGCA ATTTAATGTG AGTAACGATT 4 00 
CAAATAAATG GAAGTTTTTA GAAATGTTTA GAAGCAGTAG TCAAAATGAA 450 
TTTTATAATA GACGTACATT AACTTCTGAT ACCAGACTTG TAGGAATATT 5 00 
TAAATATGGT GGAAGAGTAT GGACATTTCA TGGTGAAACA CCGAGAGCTA 550 
CTACTGACAG TTCAAGTACT GCAAATTTAA ATAATATATC AATTACAATT 600 
CATTCAGAAT TTTACATTAT TCCAAGGTCC CAGGAATCTA AATGTAATGA 650 
ATATATTAAT AATGGTCTGC CACCAATTCA AAATACTAGA AATGTAGTTC 7 00 
CATTGCCATT ATCATCTAGA TCGATACAGT ATAAGAGAGC ACAAGTTAAT 750 
GAAGACATTA TAGTTTCAAA AACTTCATTA TGGAAAGAAA TGCAGTATAA 8 00 
TAGGGATATT ATAATTAGAT TTAAATTTGG TAATAGTATT GTAAAGATGG 850 
GAGGACTAGG TTATAAATGG TCTGAAATAT CATATAAGGC AGCAT^TTAT 900 
CAATATAATT ACTTACGTGA CGGTGAACAA GTAACCGCAC ACACCACTTG 950 
TTCAGTAAAT GGAGTGAACA ATTTTAGCTA TAATGGAGGG TTTCTACCCA 1000 
CTGATTTTGG TATTTCAAGG TATGAAGTTA TTAAAGAGAA TTCTTATGTA ..1050 
TATGTAGACT ATTGGGATGA TTCAAAAGCA TTTAGAAATA TGGTATATGT 1100 
TAGATCATTA GCAGCTAATT TAAATTCAGT GAAATGTACA GGTGGAAGTT 1150 
ATCATTTCAG TATACCAGTA GGTGCATGGC CAGTAATGAA TGGTGGCGCT 1200 
GTTTCGTTGC ATTTTGCCGG AGTTACATTA TCCACGCAAT TTACTGATTT 125 0 
TGTATCATTA AATTCACTAC GATTTAGATT TAGTTTGACA GTTGATGAAC 1300 
CACCTTTCTC AATACTGAGA ACACGTACAG TGAATTTGTA TGGATTACCA 1350 
GCCGCTAATC CAAATAATGG AAATGAATAC TACGAAATAT CAGGAAGGTT 1400 
TTCACTCACT TCTTTAGTTC CAACTAATGA TGATTATCAG ACTCCAATTA 145 0 
TGAATTCAGT GACGGTAAGA CAAGATTTAG AGCGCCAACT TACTGATTTA 1500 
CGAGAAGAAT TTAACTCATT GTCACAAGAA ATAGCTATGG CACAATTGAT 1550 
TGATTTAGCA CTGTTGCCTC TAGATATGTT TTCCATGTTT TCAGGAATTA 1600 
AAAGTACAAT TGATTTAACT AAATCAATGG CGACTAGTGT AATGAAGAAA 165 0 
TTTAGAAAAT CAAAATTAGC TACATCAATT TCAGAAATGA CTAATTCATT 1700 
GTCAGATGCT GCTTCATCAG CATCAAGAAA CGTTTCTATT AGATCGAATT 1750 
TATCTGCGAT TTCAAATTGG ACTAATGTTT CAAATGATGT GTCAAACGTA 1800 
ACTAATTCAT TGAACGATAT TTCAACACAA ACATCTACAA TTAGTAAGAA 1850 
ACTTAGATTA AAAGAAATGA TTACTCAAAC TGAAGGAATG AGCTTTGACG 1900 
ACATTTCAGC AGCTGTACTA AAAACAAAAA TAGATATGTC TACTCAAATT 1950 
GGAAAAAATA CTTTACCTGA TATAGTTACA GAAGCATCTG AGAAATTTAT 2000 
TCCAAAACGA TCATATCGAA TATTAAAGGA TGATGAAGTA ATGGAAATTA 2050 
ATACTGAAGG AAAATTCTTT GCATACAAAA TTAATACATT TGATGAAGTG 2100 
CCATTCGATG TAAATAAATT CGCTGAACTA GTAACAGATT CTCCAGTTAT 2150 
ATCAGCGATA ATCGATTTTA AGACATTGAA AAATTTAAAT GATAATTATG 2200 
GAATCACTCG TACAGAAGCG TTAAATTTAA TTAAATCGAA TCCAAATATG 2 250 
TTACGTAATT TCATTAATCA AAATAATCCA ATTATAAGGA ATAGAATTGA 2300 
ACAGTTAATA CTACAATGTA AATTGTGAGA ACGCTATTGA GGATGTGACC 2350 
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Fig 2 VP7 sequence of P43 

^ ATGTATGGTC TTGAATATAC CACAATTCTA ATCTTTCTGA TATCAATTAT 5 0 
TCTACTCAAC TATATATTAA AATCAGTAAC TCGAATAATG GACTACATTA ' 100 

TATATAGATC TTTGTTGATT TATGTAGCAT TATTTGCCTT GACAAGAGCT 150 

CAGAATTATG GGCTTAACTT ACCAATAACA GGATCAATGG ACACTGTATA 2 00 

10 CGCTAACTCT ACTCAAGAAG GAATATTTCT AACATCCACA TTATGTTTGT 250 

ATTATCCAAC TGAAGCAAGT ACTCAAATTA ATGATGGTGA ATGGAAAGAC 300 

TCATTGTCAC AAATGTTTCT CACAAAAGGT TGGCCAACAG GATCAGTCTA 350 

TTTTAAAGAG TATTCAAGTA TTGTTGATTT TTCTGTCGAT CCACAATTAT 400 

ATTGTGATTA TAACTTAGTA CTAATGAAAT ATGATCAAAA TCTTGAATTA 4 50 

15 GATATGTCAG AGTTAGCTGA TTTAATATTG AATGAATGGT TATGTAATCC 5 00 

AATGGATATA ACATTATATT ATTATCAACA ATCGGGAGAA TCAAATAAGT 550 

GGATATCAAT GGGATCATCA TGTACTGTGA AAGTGTGTCC ACTGAATACG 600 

CAAATGTTAG GAATAGGTTG TCAAACAACA AATGTAGACT CGTTTGAAAT 650 

GGTTGCTGAG AATGAGAAAT TAGCTATAGT GGATGTCGTT GATGGGATAA 700 

20 ATCATAAAAT AAATTTGACA ACTACGACAT GTACTATTCG AAATTGTAAG 750 

AAGTTAGGTC CAAGAGAGAA TGTAGCTGTA ATACAAGTTG GTGGCTCTAA 8 00 

TGTATTAGAC ATAACAGCAG ATCCAACGAC TAATCCACAA ACTGAGAGAA 850 

TGATGAGAGT GAATTGGAAA AAATGGTGGC AAGTATTTTA TACTATAGTA 900 

GATTATATTA ACCAAATCGT GCAGGTAATG TCCAAAAGAT CAAGATCATT 950 

25 AAATTCTGCA GCTTTTTATT ATAGAGTATA GATATATCTT AGATTAGATC 1000 
GATGTGACC 
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Fig 3: Box/Whisker Plot 




Neutralization titer of sera talten from P33 vacc 
against P33 derived rotavirus ciones. 
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